Evaluation of the gait of patients after polytrauma is important, as it indicates the ability of patients
INTRODUCTION
One of important problems in patient rehabilitation is identification of gait disorders (GD) in patients with lower limb injuries after polytrauma. Polytrauma is defined as a syndrome of multiple injuries exceeding a defined severity (Injury Severity Score (ISS) ³ 17) with sequential systemic reactions that may lead to dysfunction or failure of remote organs and vital systems, which have not themselves been directly injured (Trentz, 2007) . Injury severity affects final functional outcome. Polytrauma patients who have associated orthopaedic injuries face greater challenges regarding functional recovery. Prompt diagnosis and treatment of functional abnormalities of patients after polytrauma is very important (Tran and Thordarson, 2002) . The teams who treat polytrauma patients in hospitals receive limited information about the GD after multiple traumatic injuries (Pape et al., 2006) . Fast evaluation can improve success in the correction of lower limb functional abnormalities (Pfeifer and Pape, 2011) . However, using only clinical methods in the evaluation of patients with lower extremity injuries after polytrauma does not give data about motions of lower extremities during gait and causes of gait pathology.
Three-dimensional instrumental gait analysis (IGA) is an instrumental examination method, which is used to acquire and convert images of gait into quantitative data describing the motions of each body segment (Perry and Burnfield, 2010) . The aim of the study was to use the method to evaluate the gait in follow-up of patients, who suffered severe lower limb injuries, in the medium-term after polytrauma.
MATERIALS AND METHODS
A retrospective study of 154 polytrauma patients, treated after severe musculoskeletal injuries in two Rîga Hospitals (Trauma and Orthopaedic Department, Clinic "Gaiïezers", Rîga Eastern Clinical University Hospital; Hospital of Traumatology and Orthopaedics) over the period 2008-2010, was performed. The ISS and New Injury Severity Score PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 69 (2015 ), No. 1/2 (694/695), pp. 27-32. DOI: 10.1515 /prolas-2015 (NISS) values were calculated for all of these patients. NISS values were used to evaluate the severity of polytrauma injuries, as ISS does not give objective information about the amount of work and resources required if the patient has serious multiple injuries in one of the ISS anatomic regions, particularly regarding orthopaedic injuries (Stevenson, 2001 ). The lower extremity injuries in our study were defined as pelvic and acetabular fractures, hip dislocation, femoral fracture, tibial fracture and complex foot injury.
Patients aged 18-60 were included in the retrospective study group for IGA study if they had at least one severe lower extremity injury. Excluded were patients with bilateral lower limbs injuries, spine trauma with neurological injury, lower limb amputation or documented psychiatric disease. The patients who moved to other country, did not respond to phone calls and the invitation letter, had lower limb trauma after polytrauma or inability to walk barefoot a distance of 7-8 meters 6-10 times, also were excluded from the study.
Thus the study was conducted on 26 polytrauma patients with lower extremity injuries in the Rehabilitation Research Laboratory of Rîga Stradiòð University, National Rehabilitation Centre "Vaivari", 14 to 41 months (mean 22 months) after polytrauma. Patient complaints, clinical examination, radiological examination and IGA were included in the evaluation. Patients were asked to evaluate their leg pain according to the following variables: "no pain", "moderate pain" or "severe pain". The time of fracture healing was determined. We used anteroposterior and lateral radiograph views of the lower limbs and anteroposterior, inlet and outlet views of the pelvis to assess the fracture healing. IGA of 26 healthy volunteers aged 18-65 (17 women and 9 men; age range 19-65, mean age 35.9 years) without any musculoskeletal disorders for the control group was performed.
IGA was performed using six infrared light ProReflex MCU (240 Hz) digital cameras (Qualisys Medical, Sweden), a force plate (Advanced Mechanical Technology, Inc., Watertown, USA) and Visual 3-D software, developed in the National Health Institute, USA (C-motion, Inc, USA). Subjective and objective evaluation of the patients' musculoskeletal system was performed before IGA. Light, spherical reflective markers (19 mm) were attached to the skin to identify bony landmarks (the first sacral vertebra, both anterior superior iliac spinae, lateral surfaces of femur and shin, the heads of first and fifth metatarsal bones and the calcaneal bones). Patients had to walk barefoot a distance of 7-8 meters, 6-10 times at a self-selected speed. The spatial coordinates of the markers' were registered during recording of gait and motion trajectories of the markers were calculated. The patient had to put one foot on the force plate on the floor that registered ground reaction force (GRF). Visual gait recording was obtained with two digital video cameras. The findings were processed with data processing programmes in the form of diagrams and numbers. The motion parameters of the pelvis and lower extremity joints during the gait were shown in the diagrams. The spatio-temporal parameters of the gait cycle were registered in the form of numbers (Anaòjeva et al., 2010) .
From the gait cycle, kinematic variables included were motions in pelvis and lower extremities joints in sagittal plane. Vertical load GRF was used as a kinetic variables. The definitions of gait cycle kinematic and kinetic variables used in our study are displayed in Table 1 . Gait cycle spatio-temporal parameters, motions in pelvis and lower extremity joints in sagittal plane and vertical load GRF of patients in the injured and uninjured side were determined. Gait parameters of the injured and uninjured side in the polytrauma patients were compared with the lower extremity gait parameters of the control group. In order to evaluate if articular fractures influence gait parameters, we selected two patient groups: patient group with articular lower extremities fractures and a patient group with extraarticular lower extremities fractures.
Variables were expressed as means ± standard deviations (SD) and were compared using the Independent Samples T test or Mann-Whitney test for two independent samples, as needed. Analysis was performed with the SPSS programme version 20.0. A p value < 0.05 was considered statistically significant.
RESULTS
The study was conducted on 26 (16 women and 10 men, age range 23-59, mean age 38.6 years; NISS 17-48, mean NISS value 25.9) of 154 retrospective study polytrauma patients. Sixty-nine patients were excluded from the study: 24 patients did not have lower limb injuries, eight patients had bilateral lower limb injuries, 27 patients did not correspond to the age criteria, five patients had lower limb amputation, and five patients had documented psychiatric disease. Thus, eighty-five patients were invited to undergo the outcome evaluation according to their residences from the hospital case-records of the patients. Of them, excluded were nine patients had moved to other country, 27 patients did not respond to phone calls and letter, 13 patients refused to undergo the IGA, one patient had fracture of proximal segment of tibia six months before recruitment, three patients could not walk the mentioned distance.
Types of injuries. Twenty-six polytrauma patients included in our study had 72 lower extremities injuries (Table 2) . Fracture healing. Twenty-three patients had delayed fracture healing. One patient had non-union of femoral fracture and re-operation, and IGA was performed after fracture healing. Two patients had fracture healing in the average healing times. Seventeen patients took a rehabilitation course after hospital discharge. Six patients had no pain, 14 patients had moderate pain, and six patients had severe pain during evaluation.
Analysis of the spatio-temporal parameters of gait cycle.
The gait cycle spatio-temporal parameters of the polytrauma patient group in the injured and uninjured side differed from those of the same side of the control group. In the injured side step length was 0. Analysis of motions in the sagittal plane. The comparison of IGA sagittal plane motion in the pelvis, hip, knee and ankle joints of the injured side in the polytrauma patient and control groups showed that polytrauma patients had increased pelvic anterior tilt, decreased hip extension and knee maximum flexion (p < 0.05) ( Table 3) . Table 4 summarizes IGA sagittal plane motion results in the pelvis, hip, knee and ankle joints of the uninjured side in the polytrauma patient and control groups.
The results showed significantly decreased knee maximum flexion (p < 0.05) in the polytrauma patient group in the uninjured side (Fig. 1) .
Comparison of the hip and ankle joint minimum flexion in the injured side and hip minimum flexion in the uninjured side of polytrauma patients with those of the control group was not possible, as six patients had hip minimum flexion and two patients had ankle minimum flexion in the injured side, five patients had hip minimum flexion in the uninjured side, but all persons of the control group had full range of motion in these joints.
While three polytrauma patients had increased pelvic posterior tilt in both the injured and uninjured side, one patient had increased pelvic posterior tilt only in the injured side. Two polytrauma patients did not have ankle extension in the injured side because of ankle joint flexion contracture.
Analysis of vertical load ground reaction force.
In the injured side of patient and the control group, vertical load GRF during loading response was 0.95 ± 0.06 body weight v.s. 1.05 ± 0.08 body weight, p = 0 and during terminal stance 1.02 ± 0.08 body weight vs. 1.14 ± 0.08 body weight, p = 0, respectively. In the uninjured side vertical load GRF during loading response was 0.97 ± 0.06 body weight vs. 1.05 ± 0.09 body weight, p = 0.001 and during terminal stance 1.02 ± 0.19 body weight vs. 1.13 ± 0.08 body weight, p = 0.014, respectively. Figure 2 shows significantly decreased vertical load GRF during loading response and terminal stance in the uninjured side of the patient group (p < 0.05).
Patients with articular fractures in the injured side had different following sagittal plane motion parameters than in those with extra-articular fractures: hip flexion 23.13 ± 11.39°(n = 16) vs. 25.30 ± 7.57°(n = 10); hip extension 8.77 ± 6.52°(n = 13), vs. 10.00 ± 6.58°(n = 7); knee mini- mum flexion 9.31 ± 5.76°(n = 13) vs. 7.56 ± 4.72°(n = 9); and ankle maximum flexion 15.40 ± 7.15°(n = 15) vs. 16.80 ± 10.04°(n = 10), respectively, but the sample sizes were too small to achieve statistical significance. Five patients with articular fractures and one patient with extraarticular fractures did not exhibit hip extension during terminal stance; and one patient with articular fractures did not have ankle maximum flexion during pre-swing of gait cycle.
DISCUSSION
The evaluation of patient gait with lower limb injuries after polytrauma is important as it allows to improve rehabilitation programmes aimed at quicker return to previous activities and work. According to the literature, patients with consequences of severe lower extremities trauma have gait asymmetry and decreased walking speed, which were diagnosed using visual gait monitoring and stopwatch (Archer et al., 2006) . We evaluated patients using IGA, which allows to acquire quantitative data describing the motions of lower extremities during the gait.
Many spatio-temporal parameters in both the injured and uninjured side in our study were significantly lower than those in the control group. The sagittal plane pelvic motions variables used in the injured side are of the same kind as in a previous study (Kubota et al., 2012) , which showed significant pelvic anterior tilt in patients after acetabular fractures. Most of the patients in our study had increased pelvic anterior tilt in both sides, which showed inability to extend the hip joints during the stance phase of the gait cycle because of contracture or a shorter leg in the injured side. In our study, polytrauma patients had also decreased knee maximum flexion in both injured and uninjured sides and decreased hip extension only in the injured side. Although the changed arch of motion of the knee joint during gait cycle in patients was small, it resulted in significant changes of foot and body location. Small pelvic arch changes are known to cause hip motion abnormalities (Perry, 1992) .
Two patients had minimum flexion in the ankle joint in the injured side and could not perform ankle extension because of the severity of peroneal nerve palsy after injury. Ankle joint motion of these patients were evaluated separately from those who had ankle extension. Thus, the mean ankle extension in the patient group in the injured side did not significantly different from that of the control group. Ankle extension in the uninjured side of the patient group also did not differ from that of the control group.
GRF shows the muscular forces (quadriceps muscle and hamstrings) stabilising joints during loading response, and the second peak of the GRF shows the push of plantar flexor muscles during terminal stance. Thus, early rehabilitation measures for these patients can be used to strengthen the quadriceps muscle and hamstrings not only in the injured side, but also in the uninjured side, thus improving stabilisation of the knee joint during the loading response and knee flexion during the terminal stance. Increasing of the strength of the plantar flexor muscles would improve the push of the foot against the walking surface.
We evaluated patients in a significant range of time after polytrauma. Most clinical recovery outcomes of severe lower extremity trauma are attained after one year; therefore one year after trauma was considered to be within the period when the gait does not change significantly in the future (Castillo et al., 2011) . Nevertheless, one patient had total hip replacement ten months after polytrauma (because of acetabular injury type C) and was included in gait analysis.
The age range of polytrauma and healthy control group individuals was considered to be appropriate to compare gait changes in our study, because many studies identify GD in the elderly after 65 years of age (Bleyenheuft and Detrembleur, 2012; Monaco and Micera, 2012; Jahn et al., 2010) .
A limitation of our study was that it did not perform detailed analysis of the GD location and severity in comparison with lower extremity injury type, location, treatment methods and rehabilitation. Polytrauma patients have different injuries and there are only few patients with equal or similar injuries. In our study, a limited number of patients was involved, as we performed IGA only on consent of patients to arrive in the Rehabilitation Research Laboratory of Rîga Stradiòð University, National Rehabilitation Centre "Vaivari". Nevertheless, the IGA results for the uninjured lower extremity in the polytrauma patient group showed that compensatory changes are interdependent and changed spatio-temporal parameters and vertical load GRF occur in both the injured and uninjured side, regardless of injury type and location.
In conclusion, polytrauma patients had a decreased step length, cadence, maximum flexion in the knee joint, vertical load GRF and increased stance time, not only in the injured side, but also in the uninjured side. Further studies on a larger patients group will be needed to confirm this. 
